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Section I—Air and Fallout 


FISSION PRODUCT BETA ACTIVITY IN 
AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of gross beta activity 
in air and precipitation provides one of the earli- 
est and most sensitive indications of changes in 
environmental fission product activity. Although 
this surveillance does not provide enough in- 
formation to assess human radiation exposure 
from fallout, it is widely used as the basis of 
alerting systems for determining when to in- 
tensify monitoring in other phases of the 
environment. 

Surveillance data from a number of national 
programs are published monthly and summa- 
rized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided this 
month by programs of the Public Health Serv- 
ice, the Canadian Department of National 
Health and Welfare, the Mexican Commission 
of Nuclear Energy, and the Pan American 
Health Organization are presented individually 
in tabular form and are also shown by beta 
concentration isograms in figure 4. 


1. Radiation Surveillance Network, 
February 1964 


Division of Radiological Health, 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) of the PHS Divi- 
sion of Radiological Health which gathers sam- 
ples from 74 stations distributed throughout 
the country (figure 1). During February, a 
new station, Montgomery, Alabama, was added 
to the network. Most of the stations are oper- 
ated by State health department personnel 
trained in procedures necessary to obtain the 
measurements as described and presented below. 

The alerting function of the Network is pro- 
vided by field estimates of the gross beta activ- 
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ity of airborne particulates on the filters. These 
determinations are performed about 5 hours 
after the end of the sampling period to elimi- 
nate interference from  naturally-occurring 
radon daughters. The Network station opera- 
tors regularly report their field estimates to 
the Radiation Surveillance Center, Division of 
Radiological Health, Washington, D. C. 
field estimates are reported monthly (7). 
Air 

Airborne particulates are collected continu- 
ously on a carbon-loaded cellulose dust filter 4 
inches in diameter. A volume of about 1800 
cubic meters of air is drawn through the filter 
during the 24-hour sampling period by a high 
volume centrifugal blower. 

The filters are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, and the gross beta activity is meas- 
ured using a thin-window, gas-flow propor- 
tional counter, calibrated with a 38,700 pe 
Sr°’—Y*" standard.' Each filter is counted at 
least 3 days after the end of the sampling 
period and again 7 days later. The initial 3-day 
aging of the sample eliminates 
from naturally-occurring 
daughters. 


These 


interference 
radon and thoron 
From the two counts, which are 
separated by the 7-day interval, it is possible to 
estimate the age of fission products and to ex- 
trapolate the activity to the time of collection. 
The extrapolation is performed by using the 
Way-Wigner formula (2).2 The daily concen- 
trations and estimated age are reported by the 
PHS in a monthly RSN report (1). The sample 
with the highest activity for February was 
from Las Vegas, Nevada (collected on Febru- 
|The Sr*’-Y° source currently used as a standard 
was used from April 1962 to August 1963 as 40,000 pe 
total activity. Beginning with September 1963 data the 
nominal activity of the standard was adjusted for decay 
(about 2% percent per year) to 38,700 pe. 

an C, where A is the activity, T is the time 
(in any time unit) after fission product formation, and 
C is a constant equal to the activity at T=1. 
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FIGURE 1. 


ary 5), with an activity of 5.2 pe’m’. Eighteen 
other samples with activities exceeding 3.5 
pe m‘ were collected: Phoenix, Arizona (2/10, 
2/11,2 12,2 27) ; Los Angeles, California (2/3, 
2 4, 2°21); Jacksonville, Florida (2/1); 
Miami, Florida (2/1, 2.18); Sante Fe, New 


Mexico (2 16, 2/29); Las Vegas, Nevada (2/1, 
2 24, 2 26); and El Paso, Texas (2/13, 2/14, 
2 16). All of these samples indicated an age of 
more than 100 days. 

The February 1964 fission-product beta con- 
centrations in surface air (extrapolated to the 
time of collection) are given in table 1. RSN 
data, along with Canadian and Mexican air 
data, are represented by isograms in figure 4. 
The RSN network average for February (1.09) 
showed a slight increase over the January aver- 
age (0.94), significant at the 95 percent confi- 
dence level. This may be an early influence of the 
spring rise, which is evidenced by the general 
latitude’ and fission product age of 19 samples 
with highest concentration mentioned above. 
Precipitation 

Continuous sampling for total precipitation 
is conducted at most stations on a daily basis, 
using funnels with of 0.4 


collection areas 


See discussion of spring rise in report by Lockhart, 
et al., in this issue, page 255. 
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square meter. A 500-ml! aliquot of the collected 
precipitation is evaporated to dryness, and the 
residue is forwarded to the laboratory for 
analysis. If the collected sample is between 200 
and 500 ml, the entire sample is evaporated. 
When a sample is smaller than 200 ml (equiva- 
lent to 0.5 mm or 0.02 inches of rainfall), the 
volume of precipitation is reported, but 
analysis is made. 

In the laboratory the gross beta activity in 
precipitation is determined by counting the 
evaporated sample by the same method used 
for analyzing the air filters, including the ex- 
trapolation to time of collection. Deposition for 
the sample is determined by: 

cP 

)= 

1000 
where D is the deposition in nc/m’*, C is the 
concentration in pce/liter, and P is the depth of 
precipitation in mm. The individual values of 
deposition and depth of precipitation are totaled 
for the month, and the average concentration 
for the month, C, is determined by: 


no 


=D 

( =Sp> 1000 
The February 1964 average concentrations and 
total depositions are given in table 2. 


Radiological Health Data 














d 
e 


\- 


O 





TABLI 


ACTIVITY 


\ 
vw. \ 
\ 
1 
‘ \ 


June 1964 


FISSION PRODUCTS GROSS BETA 


IN SURFACE AIR, 


Concentra 


FEBRUARY 1964 


Xl 
\ 
4 
1° 
; 
} 
70 
) 
} 
87 
0.4 ( 
( 

) 

) 46 
0.33 
0 j 

+4 
} 
) 
) ‘ 
} 
) 
} 
; 
) 
( 
) 
iS 
) 
0) 
0) 
SS 
: 
ta 
; 

O.¢ 

+4 

) , 

; 
; 


Ss 








9 


2. Canadian Air Monitoring Program‘ 
February 1964 


Department of National Health and Welfare 


As part of its Radioactive Fallout Study Pro- 
gram, the Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors air and_ precipitation. 
Twenty-four collection stations are located at 
airports (see figure 2), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fall- 


out program are contained in reports of the 
Department of National Health and Welfare 
(3-7). 

Air 


Each air sample involves the collection of 
particulates from about 650 cubic meters of air 
drawn through a high-efficiency 4-inch-diame- 
ter filter during a 24-hour period. These filters 
are sent daily to the Radiation Protection Divi- 
sion Laboratory in Ottawa. 
a 2-inch-diameter disk 


At the laboratory, 
from each filter 
and counted with a thin-end-window, gas flow 


is cut 


Data from Radiation Protection Programs, 3:1] 24, 
Radiation Protection Division, Canadian Department of 
National Health and Welfare, Ottawa, Canada (March 


TaBLe 3.—GROSS BETA ACTIVITY 


IN AIR, CANADA, FEBRUARY 1964 
[Average ynecentra I i} 
Station Number Maximur Minimur Averag 
sample 
Calgat 28 l .4 ] 
Coral Hart 26 1.8 0.1 | 
Edmont« zy 2.0 0.4 
rt. Cl } 24 1.4 0.4 { 
I Willi 24 2 .& 0.2 l 
lrederict 2 BR | 0.1 
(;oose B 2Yy re 0.3 
iH tan 27 2 © 0.2 
Ir 2 2.U ( { 
Nl IY 2 0 0.3 
AY | 2Yy 2 4 6 
Ottaw 29 t 0.4 
Quebe 28 t 0.4 I 
Regi 2Y 1.38 0.5 0 
Re 29 : - 0.1 0 
St. Je Nf 27 1.3 { { 
lor 2Y ; 0.1 () 
Var 27 2 0.1 ) 
Wi 29 ~ 0.2 0.8 
Wind 23 be 0.4 | 
Winnip 29 t 0.4 l 
Yel Vk 28 7 0.4 0 
Netw ‘ 677 0.1 


Geiger-Mueller counter system, calibrated with 
a Sr’-Y*° standard. Four successive measure- 
ments are made on each filter to permit correc- 
tion for natural activities and for the decay of 
short-lived fission products. The results are ex- 
trapolated to the end of the sampling period. 
Canadian air data for February 1964 are given 
in table 3 and presented in conjunction with 
U.S. and Mexican data by an isogram map 


























1964). (figure 4). 
st JOHN'S 
FREDERICTON 
ye dials 
witttanlaae MONTREAL 
SAI LT STE. MARIE 
FIGURE 2.—CANADIAN AIR AND PRECIPITATION STATIONS, 
FEBRUARY 1964 
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recipitation 

The amount of radioactive fallout deposited 
n the ground is determined from measure- 
ents on material collected in special polyethyl- 
e-lined rainfall pots. The collection period 
yy each sample is one month. After transfer 
‘the water to the sample container, the poly- 
hylene liner is removed, packed with the 
imple, and sent to the laboratory. 

Strontium and cesium carriers are added to 
| samples on arrival at the laboratory. Other 
irriers are also added to selected samples ac- 
rding to the specific radionuclides to be deter- 
lined. The samples are then filtered and the 
ltrate evaporated to near dryness. The filter 
aper containing insoluble matter is ignited 
ether with the polyethylene liner at 450° C. 
‘he ash is combined with the soluble fraction, 
ransferred to a glass planchet, evaporated 
inder an infra-red lamp and then counted with 
thin-end-window Geiger-Mueller counter cali- 
rated with a Sr’’-~Y°*’ source. Gross beta ac- 
ivities for February 1964 samples are given in 
able 4. Radionuclide analyses appear quarterly. 


3. Mexican Air Monitoring Program 
February 1964 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comision 
Nacional de Energia Nuclear (CNEN) through 
its Radiological Protection Program (RPP) in 
1961. The network consists of 17 stations (see 
figure 3), twelve of which are located at air- 
ports and operated by airline personnel. The 
remaining five stations are located at Mexico 
City, Mérida, Veracruz, San Luis Potosi and 
Ensenada. Staff members of the RPP operate 
the station at Mexico while the other four sta- 
tions are manned by members of the Centro de 
Prevision del Golfo de México, the Chemistry 
Department of the University of Mérida, the 
Institute de Zonas Desérticas of the University 
of San Luis Potosi, and the Escuela Superior 
de Ciencias Marinas of the University of Baja 
California, respectively. 


Sampling 

The sampling procedure involves drawing air 
for 24 hours a day, 3 or 4 days a week, at the 
rate of approximately 1,200 cubic meters per 
day, through a high-efficiency, 6- x 8-inch glass 
fiber filter, using high volume samplers. After 
each 24-hour sampling period, the filter is re- 


June 1964 


TaBLeE 4.—GROsS BETA ACTIVITY 
IN PRECIPITATION, CANADA, FEBRUARY 1964 





moved and forwarded via air mail to the 
“Laboratorio de Estudios Sobre Contaminacion 
Radiactive’, CNEN, in Mexico City for assay 


) 


of gross beta activity. A minimum of 3 or 4 
days after collection is allowed for decay of 
radon and thoron daughter natural radioactiv- 
ity. Data are not extrapolated to time of 
collection. 


Results 

The maximum, minimum and average fission 
product beta concentrations in surface air dur- 
ing February 1964 are presented in table 5. 
The data are also represented in the beta activ- 
ity isogram map of North America, figure 4. 


TaBLe 5.—GROssS BETA ACTIVITY OF AIRBORNE 
PARTICULATES, MEXICO, FEBRUARY 1964 
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1. Pan American Air Sampling Program 
February 1964 


Pan Ame rican Health Organization and 
Public Health Services 


+ 


Gross beta activity in air is monitored by 
three countries in South America under the 
auspices of a collaborative program developed 
by the Pan American Health Organization and 
the Public Health Service (PHS) for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of the Radiological Health, PHS, 
and are identical with those employed for the 
Radiation Surveillance Network. 

The three air sampling stations included in 
the program are operated by the technical staff 
of the Ministry of Health in each country. The 
station in Santiago, Chile is operated by the 
Occupational Health Service; in Lima, Peru by 
the Institute of Occupational Health; and in 
Caracas, Venezuela by the Venezuelan Institute 
for Scientific Investigations. The Caracas sta- 
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tion began operation in November 1962 and the 
other two stations were started the following 
month. 


The February 1964 air monitoring results 
from the three participating countries are given 
in table 6. The Caracas station is shown on the 
gross beta concentration isogram map (figure 4) 
and its February average, 0.73 pe/m®* (after 
adjustment by the RSN intercalibration fac- 
tor’), was used in estimating the position of 
the 0.5 pe’ m* isogram. 


TasBLe 6.—GROSS BETA ACTIVITY IN 


AIR, FEBRUARY 1964 


( 


: tations No. of | M Minimum A 


The RSN factor is 1.28. 
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Gross Beta Activity in Air, North America, 
February 1964 


Beginning with January 1963 data, monthly 
erage concentrations of airborne gross beta 
tivity in Canada and the United States have 
en presented in combined form as isogram 
aps of most of North America." The data 
om the Radiation Surveillance Network and 
e Canadian Air Network were adjusted to 
ich other by means of an intercalibration fac- 
x derived by Lockhart and Patterson (8). 

With the formation of the Mexican Air moni- 
ring program, new intercalibration 
ere determined, this time including the Cana- 
an Network, Radiation Surveillance Network, 


ratios 


The January through December 1963 Isogram Maps 
ere published in the May 1963 through April 1964 
sues of Radiological Health Data. 


National Air Sampling Network, the HASL 
80th Meridian Network, and the Mexican Net- 
work (9). The new 
include some changes in standardization in both 
the RSN and the Canadian Air Network, effec- 
tive September 1963. 


intercalibration factors 


The interealibration fac 


tors are, therefore, not the same as were 


previously used. 


Figure 4 shows the February 1964 activity 
in alr throughout North America based on the 
data from the Canadian Air Monitoring Pro 
gram, the Radiation Surveillance Network and 
Mexican Air Monitoring program. An inter 
calibration factor of 1.28 was applied to the 
RSN data and the Mexican data were multi- 
plied by 0.81 in order to adjust them to Canadian 
data. 
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ISOGRAMS OF AVERAGE GROSS BETA CONCENTRATIONS IN AIR 
(pe/m*) THROUGHOUT NORTH AMERICA, 


FEBRUARY 1964 
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The results of total gamma activity measure- 
ments on ground level air filter samples taken at 
80th Meridian (see figure 1) 
December 1963 are listed in table 1, together 
with average monthly activities for each site f 


stations during “sa tm, 


and the ratios of photons with energies in ex- | 
cess of 1 Mev to total photon activity. Details . 
of sampling procedure and analytical method- ey ° 
ology have previously been described (1, 2). 
The average activity concentrations are also 
plotted in figure 2 as an activity-latitude pro- 
file. The December results show slight decreases 
in air activity concentrations at most of the 
sites with a maximum of 1.2 ; 
photons per minute per cubic meter) and 
of 0.018 y/min/m* occurring 
Miami and Punta Arenas, respectively. 
Average monthly activity concentrations for 
the two hemispheres are plotted in figure 3. 


min/m’' (gamma |__-— 
a 


minimum at 


Krom these data a gradual decrease in air ac- “— 
tivity concentrations in both hemispheres over , 
the year is apparent. By December 1963, activ- =~ 
ity concentrations had dropped to about one- Bis 
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TABLE 1 ACTIVITY OF SURFACE AIR, SOTH MERIDIAN NETWORK, DECEMBER 13 
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FIGURE 2.—PROFILE OF SURFACE AIR GAMMA ACTIVITY, FOURTH 
QUARTER AND DECEMBER 1963 
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FicguURE 3.—AVERAGE MONTHLY GAMMA 
ACTIVITY IN GROUND LEVEL AIR DURING 1963 


Use of the Photon Ratio 

Since January 1963 the ratio of photons with 
energies in excess of 1 Mev to total photon ac- 
tivity has been measured routinely in the 80th 
Meridian samples as a means of detecting the 
presence of fresh debris. The method was based 
on experiments conducted at the Health and 
Safety Laboratory which showed that in fission 
products produced by thermal neutron irradia- 
tion of enriched uranium, the fraction of pho- 
tons with energies in excess of 1 Mev decreased 
rapidly from about 0.2 to 0.01 during the first 
5 months after irradiation and then did not 
vary trom the latter value for at least another 
10 months (1). These results were presented in 
the January 1963 80th Meridian Report and 
are updated in curve A of figure 4. From this 
plot it would be expected that samples having 
ratios higher than 0.01 would contain some 
proportion of fresh debris. 

This change in ratio apparently does not hold 
for actual samples of thermonuclear weapons 
fallout. For example, the ratios for the Decem- 
ber 80th Meridian sample listed in table 1 aver- 
age 0.060 and 0.063 for the Northern and 
Southern Hemispheres, respectively. These 
values are consistent with the gradual in- 
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crease in the ratios that has been noted i: 
80th Meridian samples since the spring of th 


year. This is shown in figure 4, where averag 
monthly ratios for the year are plotted for com 
parison with the theoretical ratios. A mea) 
production date of October 8, 1962, has beer 
assumed for the fission products. It is apparen 
that the ratios are generally higher than woul 
be predicted by the results of the thermal irra 
diation experiment (curve A in figure 4). Thi 
would still be true even if all the activity wer 
attributed to the last known test in 1962. 
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FIGURE 4.—FRACTIONS OF TOTAL GAMMA PHO 
TONS WITH ENERGIES IN EXCESS OF 
MEV IN THEORETICAL AND ACTUAL FIS 
SION PRODUCT SAMPLES AS A FUNCTION 
OF AGE 


According to weapons yield data listed by 
Hallden et al., (3), from 4.9 to 6.4 times more 
Ru atoms are produced by thermonuclea: 
detonations than by thermal neutron fission 
The Ru'—Rh pair emits gamma radiatio1 
above 1 Mev and the possibility exists that this 
nuclide might be affecting the greater-than-1 
Mev to total photon ratio found in the 80th Me 
ridian samples. This was investigated by cor 
recting the thermal fission data (illustrated ir 
curve A of figure 4) for the deficiency in Ru 
The results of these calculations are illustrate: 
in curve B. The two curves are similar for fres} 
material, but as the relative contribution o 
Ru to total activity increases, curve B in 
creases much more sharply than curve A. The 
validity of this estimate will be known whe! 
the radiochemical data become available. 
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Conclusions 

The high ratios obtained for the April and 
May 80th Meridian samples were attributed in 
part to the presence of Sb'*' (4). In addition, 
there is evidence that Y--, Mn"', Fe’, and other 
activation products may have elevated or de- 
pressed the ratios from the expected values. 
Further information on this subject must also 
await the results of radiochemical analysis. 
However, despite the possible influences of ac- 
tivation products, it is apparent from figure 4 
that the measured ratios for the 1963 80th 
Meridian samples conform more closely to the 
weapons debris curve B than to the thermal 
irradiation curve A. 

Since curve B would indicate that both fresh 
and aged debris could: yield high ratios, future 
detection of fresh debris in 80th Meridian 
samples must be based on month-to-month 
changes in the ratio, increases in total activity 
levels and gamma spectrometric identification 
of Ba''’ or other short-lived nuclides in the 
samples. The photon energy ratio will there- 
fore no longer be routinely reported. 
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FISSION PRODUCTS 


ALONG THE 80TH MERIDIAN (WEST), 1957-1962! 


L. B. Lockhart, Jr., R. L. Patterson, Jr., 
A. W. Saunders, Jr. and R. W. Black 


In early 1956, with the increasing concern 
about the spread of contamination from nuclear 
weapons tests and a rising interest in the use 
of airborne radioactivity as a tracer for at- 
mospheric processes, representatives of the U.S. 
Naval Research Laboratory (NRL), the U.S. 
Atomic Energy Commission and the U.S. 
Weather Bureau considered the feasibility and 
desirability of establishing a network of sta- 
tions along the 80th Meridian (West) for mak- 
ing measurements of atmospheric radioactivity. 
Such a program was put into operation in 1956 





' Partial financial support of this program has been 
provided by the Fallout Studies Branch, Division of 
Biology and Medicine, U.S. Atomic Energy Commission. 

Dr. Lockhart is Head of the Physical Chemistry 
Branch, and Mr. Patterson is Head and Messrs. 
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chemistry Section, Physical Chemistry Branch, U.S. 
Naval Research Laboratory, Washington, D.C. Mr. Black 
has recently transferred to the Analytical Chemistry 
Branch, Metallurgy Division, NRL. 
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the cooperation of a number of agencies and 


cal Cooperation 


with partial financial support by the Division 
of Biology and Medicine, U.S. AEC, and with 


organizations located in countries along or near 


the 80th Meridian. 


This network was in continuous operation by 
NRL during the periods of the International 


Geophysical Year and International Geophysi- 


1959 until its voluntary trans- 
fer to the Health and Safety Laboratory of the 
U.S. Atomic Energy Commission on January 1, 


1963. 


Operation of the NRL 80th Meridian Air 
Sampling Program took place during an inter- 
esting period of the atomic age and the develop- 
ment of nuclear weaponry. It covered the nearly 
three-year moratorium on nuclear testing as 
well as the episodes of intensive testing of high 








yield devices both before and after the morato- 


rium. Data collected during this program have 
helped substantiate a number of concepts re- 
garding atmospheric mixing processes and 
residence times of radioactive particulate mat- 


ter in the atmosphere. 


This 


both gross beta activity and Sr 


report summarizes measurements of 
activity in the 
air at ground level along the 80th Meridian 
More de- 


tailed results and interpretations are given for 


during the period 1957 through 1962. 


the collections of radioactivity made in 1962. 
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Experimental Procedures 

Representative samples of the radioactive 
aerosols dispersed in the lower atmosphere 
were collected at the various sites by drawing 
ground-level air through highly efficient cellu- 
lose-asbestos filters 8 inches in diameter at the 
rate of about 1200 cubic meters per day. Con- 
tinuous sampling was done at each site but the 
schedule of filter changes varied from daily, 
during 1957 through 1959, to thrice-weekly dur- 
ing 1960, and once per week during 1961 and 
1962. Samples were returned to NRL by air 
for assay for gross beta activity and for radio- 
chemical analysis. 
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Radiochemical analyses were carried out by 
standardized techniques on composited samples 
from each site covering monthly (alternate 
months during 1959-1960) or bimonthly peri- 
ods (1961-1962). This information has been 
reported in detail elsewhere (7-9). The results 
of the 1962 radiochemical analyses are pre- 
sented in table 1 in units of picocuries per cubic 
meter of standard air corrected to the midpoint 
of the collection period. Some of the activity 
ratios of current interest are listed in table 2. 


Gross Fission Products In the Av) 


Linear plots of the average gross beta activ- 
ity versus time in months from 1957 through 
1962 are presented in figure 1 for each of the 
currently operated 80th Meridian air sampling 
stations. Association of periods of high activ- 
ity with periods of nuclear testing and with 
spring subsidence of radioactivity from the 
stratosphere is evident. It is apparent that 
during the 1959-1961 moratorium on nuclear 
testing a quite considerable decrease in the 
fission product component of the atmospheric 
radioactivity took place. The linear plots, how- 
ever, do not permit much detail to be observed 
during periods of low activity. 


The change in radioactivity with time at cor- 
responding Northern and Southern Hemisphere 
sites (Miami and Antofagasta) is shown in 
figure 2 on a semi-log scale for the 1958-1962 
period. The strong seasonal effect on the strato- 
spheric deposition rate is apparent at Miami 
during 1960 and 1961 but less obvious at Anto- 
fagasta. Conclusions derived from the 1962 
radiochemical data do not permit this lack of a 
well-defined seasonal effect in the Southern 
Hemisphere during past years to be attributed 
to the equatorial crossover of debris during the 
Northern Hemisphere spring maximum. It is 
suggested instead that the unsymmetrical dis- 
tribution of stratospheric debris with only a 
small Antarctic component in a position to 
enter the troposphere in the spring could be re- 
sponsible. This lack of symmetry could also ac- 
count for the considerably lower activity at the 
southernmost sites in Chile relative to activities 
at comparable latitudes in the Northern Hemi- 
sphere or to those at lower latitudes in the 
Southern Hemisphere. 
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Strontium=-90 In the Air At Ground Level 


The concentrations of Sr’ that have been en- 
countered in the ground-level air at a number 
of sites near the 80th Meridian during the 
course of this study are plotted on a logarithmic 


scale in figure 3. 


There has been a definite spring maximum 
in the Northern Hemisphere every year regard- 
less of the past history of nuclear testing. The 
timing of nuclear tests prevented an _ un- 
equivocable assignment of these changes to 
changes in the stratospheric deposition rate un- 
til the moratorium on testing showed conclu- 
sively that such a seasonal pattern did exist. 
The seasonal cycle has its highest amplitude in 
the subtropical latitudes (e. g. Miami) and 
least in the arctic region; moreover, the time of 
arrival of the radioactivity maximum varies 
with the latitude, arriving earliest in the more 


southerly regions. 


In the Southern Hemisphere the same pat- 
tern of behavior appeared to exist but it was 
not so well defined—perhaps, as hypothesized 
above, the results of a different spacial distri- 


bution of the stratospheric source. 


The imbalance in the stratospheric inven- 
tories of Sr’ activity over the two hemispheres 
at the conclusion of nuclear testing in December 
1962 was even greater than existed at the close 
of 1958. The pattern of behavior expected for 
the Sr’ concentrations in the ground level air 
is for the high levels reported in the Northern 
Hemisphere during 1963 to be followed by a 
marked reduction in the spring of 1964, with 
smaller changes thereafter. Some increases in 
the Sr’ concentration with time might be ex- 
pected in the Southern Hemisphere for several 
years as the tropically-centered stratospheric 
source migrates or diffuses to a region where 
downward mixing into the troposphere is more 
effective. Moreover, there should then be a 
more evident seasonal cycle south of the Equa- 
tor due to the larger amplitude of the seasonal 
effect of a stratospheric source over the mid- 


latitude or polar regions. 
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FIGURE 2.—MONTHLY AVERAGE CONCENTRATIONS OF GROSS FISSION 
PRODUCTS IN THE AIR AT MIAMI, FLORIDA, AND 
ANTOFAGASTA, CHILE, 1958-1962 


Sources of Airborne Radioactivity During 1962 

Consideration of the relative amounts of the 
different fission products in the air, particularly 
the Y*', Ce'* and Sr’’ activities, permitted ap- 
proximate assignments of effective shot dates 
and contributions of Sr’ from the various 
sources to be made. This procedure is described 
in detail elsewhere (9). 

In the Southern Hemisphere, the primary 
source of fission products prior to the end of 
April 1962 was pre-moratorium debris which 
had been retained in the stratosphere and 
slowly released. The relative contribution of 
Sr*’’ from the USSR 1961 tests was highest at 
Guayaquil (about 60%) and Chacaltaya 
(<20% but decreased to negligible quantities 
in southern Chile. The profiles of Sr’ assigned 
to the two sources during the January-February 
collection period are depicted in figure 4a. The 
suggested mechanism by which the fresher com- 
ponent was transferred to the Southern Hemi- 
sphere from the large source in the Northern 
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Hemisphere is by the limited exchange of tropo- 
spheric air masses near the Equator, followed 
by entrainment of the transferred air in a ris- 
ing cell which descended to ground level in the 
subtropical region of the Southern Hemisphere. 
The large quantity of Sr’ in the Northern 
Hemisphere is attributed primarily to the 
stratospheric deposition of debris from the 
USSR 1961 tests with about a 15 percent con- 
tribution of Sr*’ from pre-moratorium tests. 

After April 1962 a prominent contributor to 
radioactivity in the Southern Hemisphere was 
the U.S. test series at Christmas Island. As 
had been noted during the 1958 U.S. HARD- 
TACK series, the fresh activity appeared in 
highest concentrations at Chacaltaya (elevation 
5220 meters). In figure 4b the Sr’ profiles for 
the May-June period indicate the calculated 
contributions from each of the possible sources. 
No significant amounts of debris from the 
Christmas Island tests appeared in the Northern 
Hemisphere during this period. 
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FIGURE 


3. 


CONCENTRATIONS OF STRONTIUM-90 IN 


THE AIR AT GROUND 
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PROFILES OF STRONTIUM-90 CONCENTRATIONS IN AIR ALONG THE 80TH MERIDIAN 


(WEST) DURING THREE PERIODS OF 1962 CONTRIBUTED BY VARIOUS NUCLEAR TEST SERIES 


Throughout the remainder of 1962 the U.S. 
DOMINIC series appeared as the major source 
of Sr*’ in the tropical and mid-latitudes of the 
Southern Hemisphere with smaller but grad- 
ually increasing contributions further south. 
By November-December 1962, when the South- 
ern Hemisphere spring subsidence was bring- 
ing more stratospheric debris near the earth’s 
surface, the old and new components were ap- 
proximately equal. 

The situation was more complex in the 
Northern Hemisphere. Though some DOMINIC 
debris did undoubtedly enter the Northern 
Hemisphere, it was not readily observable over 
the higher background of debris from the 
USSR 1961 series and, later, from the USSR 
1962 series. The latitudinal profiles of Sr’ 
from the various sources for the November- 
December period are shown in figure 4c; here it 
has been assumed that the U.S. Christmas 
Island tests did not contribute to the Northern 
Hemisphere burden nor the USSR series to the 
Southern Hemisphere burden. An arbitrary 
estimate of the pre-moratorium Sr’ activity 
was also required. 


Activity Ratios 

The Sr*’/ Sr activity ratios plotted in figure 5 
compare the theoretical rate of change due to 
radioactive decay of debris from a megaton 
weapon detonated on October 15, 1961 (the 
effective mid-point of the USSR 1961 series), 
with measured ratios for the 80th Meridian air 
samples and for rainwater samples (10, 11) 
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from several Northern Hemisphere sites. Scat- 
tered values during 1961 are due to mixed 
tropospheric and stratospheric sources of ac- 
tivity. The excellent agreement during early 
1962, however, would indicate a common source 
of debris in collections made over a wide area. 
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FIGURE 5.—RATIOS OF STRONTIUM-89 TO STRON- 
TIUM-90 ACTIVITY IN THE AIR AND IN 
PRECIPITATION AT VARIOUS NORTHERN 
HEMISPHERE SITES DURING 1962 
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There is also evident at all sites a slowly de- 
creasing age (increasing Sr*’/Sr*’ ratio) which 
would suggest the gradual dilution of the source 
with younger debris, possibly from the ex- 
tremely high yield USSR tests of October 23 
and 30, 1961. Because of this, it is not possible 
to relate the slight increase in the Sr*’/Sr*’ 
ratio found during May and June to the U.S. 
Christmas Island tests which started on April 
25, 1962. However, rainfall collections made at 
Westwood, N.J. in May and June were reported 
to have contained Ba'*’ (12.8 day half-life) 
which indicated some contribution from the 
U.S. tests (10). The Sr*’/Sr® activity ratio in- 
creased markedly later in the year as strato- 
spheric deposition approached a minimum and 
large scale testing was resumed in the Soviet 
Union (August 5-December 24, 1962). 


The Cs'**/Sr* activity ratios have a rather 
high variability that cannot be related to any 
analytical difficulties and perhaps may be due 
to fractionation effects during transport or col- 
lection. This same pattern of variability with 
consistently lower than average values at 
Miami and Puerto Montt has been observed in 
past years (7, 8). The difficulty appears to be 
with the Cs'**, since other activity ratios in- 
volving the Sr*’ component are as a general rule 
internally consistent both in space and time. 


Summary 

This report documents the changes in the 
gross beta and the Sr’ activity concentrations 
that have occurred in the air at ground level 
along the 80th Meridian from 1957 through 
1962. The data obtained from this 80th Merid- 
ian air sampling program have contributed to 
our knowledge of the retention and transport 
of radioactivity within the atmosphere, the 
rather effective barrier to mixing across the 
Equator, and the seasonal cycles in the appear- 
ance of stratospherically-stored debris at 
ground level. 


With the conduct of full scale testing of large 
yield nuclear devices in both the arctic and 
tropic regions during 1962, followed by what 
is presumed will be a more permanent morato- 
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rium on nuclear testing, the condition of the 
stratosphere and prospects for observations 
during the coming years are equivalent to those 
existing in the period 1959-1961. The multi- 
plicity of sources will again cause difficulty in 
making quantitative interpretations of atmos- 
pheric mixing or transport processes, though 
there should be ample radioactivity for many 
other interesting studies. 
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Section I]—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an indi- 
cator of the population’s intake of radionuclides 
from the environment. This is because fresh 
milk is consumed by a large segment of the 
United States population and contains most of 
the radionuclides occurring in the environment 
which have been identified as being biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle, is easily analyzed, and samples which 
are representative of milk consumption in any 
area can be readily obtained. 


1. Pasteurized Milk Network, February 1964 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
radionuclide surveillance program had its origin 
in a raw milk network (1) established by the 
Service in 1957. One of the primary objectives 
of this network was the development of meth- 
ods for milk collection and radiochemical analy- 
sis suitable for larger scale programs. 

Experience derived from this earlier network 
led to the activation of a pasteurized milk sam- 
pling program with stations selected to provide 
nationwide surveillance of milk production and 
consumption areas. The present network, 
which consists of 63 stations, has at least one 
station in every State, the Canal Zone, and 
Puerto Rico. 
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Through the cooperation of State and local 
milk sanitation authorities, samples are rou- 
tinely collected at each of these stations. Com- 
posites of the samples are preserved with for- 
maldehyde and are sent to the PHS South- 
western (SWRHL), Southeastern (SERHL), 
or Northeastern Radiological Health Labora- 
tories (NERHL) for analysis. Gamma analy- 
ses for iodine—131 are made within 3 to 6 days 
after sample collection, and any results exceed- 
ing 100 pe/liter are immediately telephoned to 
State health officials for possible public health 
action. Analytical results are normally avail- 
able 6 to 7 weeks after collection; publication 
in RHD follows 3 to 
collection. 


1 months after sample 


Samplin:; and Compositing Procedures 
The method specifies that each station’s sam- 
ple be composited of 


milk 


plant’s average sales in the community served. 


subsamples from each 


processing plant in proportion to the 
At most stations the composited sample repre- 
sents from 80 to 100 percent of the milk proc 
essed. Prior to September 15, 1961, the com- 
posite sample was taken from one day’s sales 
per month and was as representative of the 
community’s supply as could be achieved under 
practical conditions. Beginning with the re- 
sumption of nuclear weapons testing in the 
atmosphere in September 1961, and continuing 
through January 1963, samples were collected 
twice a week at nearly all stations and daily 
for short Since 
then, the sampling frequency has been reduced 
to once a week. 


periods at selected stations. 
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Analytical Errors 

lodine-131, cesium—137, and barium—140 con- 
centrations are determined by gamma scintilla- 
tion spectroscopy.' After gamma _ scanning, 


samples from two consecutive weeks are com-. 


posited and analyzed radiochemically for stron- 
tium-—89 and strontium—90. There is an inher- 
ent statistical variation associated with all 
measurements of radionuclide concentrations. 
With the low radionuclide levels which are 
usually found in milk and other environmental 
samples this variation on a percentage basis is 
relatively high. The variation is dependent upon 
such factors as the method of chemical analy- 
sis, the sample counting rate and counting time, 
interferences from other radionuclides, and the 
background count. For milk samples, counting 
times of 50 minutes for gamma spectroscopy 
and 30 to 50 minutes for low background beta 


‘determinations are used. Table 1 shows the 


approximate total analytical error (including 
counting error) associated with radionuclide 
concentrations in milk. These errors were de- 
termined by comparing the results of a large 
number of analyses. The 2 standard devia- 
tions (2c) about the measured concentration 
corresponds to a 95 percent certainty that the 
true concentration is within this range. The 
minimum detectable concentration is defined 
as the measured concentration at which the 
two-standard-deviation analytical error is equal 
to the measurement. Accordingly, the minimum 
detectable concentrations in units of pc/liter 
are Sr, 5; Sr*, 2; Cs'**, 10; Ba’**. 10; ana I", 
10. At these levels and below the counting 
error comprises nearly all of the analytical 
error. 


TABLE 1.—ANALYTICAL ERRORS ASSOCIATED 
WITH ESTIMATED CONCENTRATIONS FOR 
SELECTED RADIONUCLIDES IN MILK 


: Esiimated Estimated Error * 
Nuclide concentra- Error ® concentration percent of 
tion pe/liter pe/liter 


concentra- 
pe /liter 


tion) 


to 100 +10 100 « 

Barium-140 0 to 100 +10 100 

Cesium-137 Oto 100 +10 100 « 
to 50 +5 50 0 
t 


o 20 +2 20 « 


greater +10 
greater £10% 
greater t 10°; 
greater t10% 
greater + 10°; 


‘ ‘Two standard deviations (2¢ 
° 


' Southeastern Radiological Health Laboratory em- 
ploys a radiochemical procedure for barium-—140 
analysis. 
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Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method while at NERHL and SWRHL an eth- 
ylenediaminetetraacetic acid (EDTA) method 
is used. Stable potassium concentrations are es- 
timated from the potassium—40 concentrations 
determined from the gamma spectrum (1.18 x 
10-*g K/pe K*). 


Data Presentation 

Table 2 presents summaries of the analyses 
for February 1964 (January 26-February 2 
1964). Although not shown in table 2, the 
iodine-131 and barium-140 monthly average 
concentrations in milk were less than 10 pe 
liter. When a radionuclide is reported by a 
laboratory as being below the minimum detect- 
able concentration, one-half the minimum de- 
tectable value is used as the best approximation 
in calculating the monthly average. Beginning 
with October 1963 data, however, zero is used 
as the best approximation to a nondetectable 
concentration of iodine-131 or barium-140. A 
similar procedure is used for the network 
average. 

Figures: 1 and 2 are isogram maps showing 
the estimated strontium—90 and cesium—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that station. 
The isograms were developed by arbitrary in- 
terpolation between values for the individual 
stations. Additional modifications to the iso- 
grams are made according to available infor- 
mation on milksheds. 

In order to develop the distribution of the 
network’s stations versus radionuclide concen- 
trations in milk, table 3 has been prepared 
using monthly averages shown in table 2. 

Continuing the practice followed in previous 
issues of RHD, the average monthly strontium-— 
90 concentrations in pasteurized milk from 15 
selected cities in the sampling program are 
presented in figure 3. Each graph shows the 
strontium—90 concentrations in milk from one 
city in each of the four U. S. Bureau of Census 
regions. This method of selection permits 
graphic presentation of data for each city in 
the network three times a year. The last col- 
umn in table 2 shows the most recent issue in 
which a graph of strontium—90 concentrations 
was given for each station. 
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2. California Milk Network, 
October-December 1963 


State of California 
Department of Public Health 


Surveillance of specific radionuclides in milk 
is one phase of California’s Department of 
Public Health program of radiation control. 


2 Data from Radiological Health News Vol. 3, No. 2, 
Bureau of Radiological Health, State of California 
Department of Public Health, 2151 Berkeley Way, 
Berkeley 4, California. 
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STRONTIUM-90 IN PASTEURIZED MILK, 1961 


FEBRUARY 1964 


This milk monitoring function has been con- 
ducted at 8 milksheds since January 1960 by 
the Department’s Bureau of Radiological 
Health, a constituent of the Division of Envi- 
ronmental Sanitation. Since the addition of the 
Del Norte and Mendocino milksheds to the pro- 
gram in March 1962, sampling of pasteurized 
milk weekly or biweekly has been conducted at 
10 major milksheds (see figure 4). The original 
sampling locations were chosen by the State 
Department of Agriculture as being representa- 
tive of milk consumed by a high percentage of 
the population of the State. 


or 








by gamma scintillation spectroscopy using a 
sodium-iodide crystal. A normal counting time 
of 100 minutes is used. The stable potassium 
content of milk (g/liter) may be estimated by 
multiplying the potassium—40 concentration 
(pe/liter) by 1.18 x 10-*. A more complete 
description of the laboratory equipment and 
procedures has been published in the February 
1963 issue of Radiological Health Data (2). 
Results 

The monthly averages of the radionuclide and 
calcium data for milk for the period October- 
December 1963 are presented in table 4. The 
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monthly average concentrations of strontium-— 
90 in milk for 1962-63 are shown in figure 5. 


information on the differences 
among the California milksheds were discussed 
by Heslep and Cornish in the December 1963 
issue of Radiological Health Data (3). 


3Jackground 


3. Indiana Milk Network, February 1964 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological anal- 
ysis in September 1961. Indiana was geographi- 
cally divided into five major milksheds, and 
one large dairy within each milkshed was se- 
lected as a sampling station (see figure 6). 

The milk samples are routinely analyzed for 
iodine-131, cesium—137, barium-140, _ stron- 
tium—89 and strontium-90. Until August 1963, 
analyses for the gamma emitters iodine—131, 
cesium—137 and barium—140 were conducted on 
a weekly basis, except when iodine-131 ex- 
ceeded 100 pc/liter, at which times the fre- 
quency of sampling was increased. Because of 
continued low concentrations of the short-lived 
gamma emitters, the sampling frequency was 
reduced in August 1963 to once per month for 
the northeast, southeast and southwest milk- 
sheds. Strontium—89 and strontium—90 analyses 
are performed monthly for each station. 
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FIGURE 6.—INDIANA MILK SAMPLING 
LOCATIONS 
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An ion exchange analytical procedure (4) is 
employed for strontium—89 and strontium—90 
analyses. A 512-channel pulse height analyzer 
and shielded 4 x 4-inch sodium iodide crystal 
are used for the gamma analysis of iodine-131, 
cesium-—137, and barium—140. 

The monthly averages of the data obtained 
for the individual sampling stations and the 
The 
State average is an arithmetic average of the 
station values. 


State averages are reported in table 5. 


Paspte 5.— CALCIUM AND RADIONUCLIDES IN 
INDIANA MILK, FEBRUARY 1964 


1. Minnesota Milk Network, 
July-December 1963 


Division of Environmental Sanitation 


Minnesota De partme nt of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a surveillance network 
to monitor pasteurized milk for strontium—90. 
Through October 1962, the network operators 
collected daily two-ounce milk samples that 
were composited together for monthly stron- 
tium-—90 analyses. Beginning in October 1961, 


weekly one-liter grab samples were also col- 


lected for iodine-131 analyses. Then, begin- 
ning in November 1962, a portion of each 


weekly sample was retained for monthly stron- 
tium-—90 analyses. 

In August 1963, the network began sampling 
for iodine-131, cesium—137 and strontium—90 
analyses on the monthly sampling basis which 
is now in effect. At present the network con- 
sists of eight milksheds bounded by the same 
lines as the Minnesota health districts. One- 
liter samples of processed Grade A fluid milk 
samples are collected at bottling machines in 
the pasteurized plants so that samples are gen- 














FIGURE 7 


MINNESOTA MILK SAMPLING 
LOCATIONS 


erally representative of the milk produced in 
each milkshed. These samples are usually col- 
lected in the cities where the Minnesota Health 
District Office is located. It is sometimes con- 
venient to collect a sample in a district at a 
location other than that in which the district 
office is situated. This type of sample is con- 
sidered as representative of the district as a 
sample collected in the vicinity of the district 
office. 

Analytical Procedure 
Strontium-—90 in 
(450 C) 
an 800-ml sample. Evaporation is accomplished 


after 
the evaporated residue from 


milk is determined 
ashing 


by means of a steam bath and infrared over- 
head heating. Calcium and strontium are pre- 
cipitated as oxalates at a pH of 4 from a nitric 
acid solution of the ash. The separated oxalates 
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are then decomposed with nitric acid and per- 
oxide and the resulting solution scavenged with 
yttrium and barium (as chromate) in the pres- 
ence of ammonium chloride. Yttrium—90 is al- 
lowed to ingrow in the presence of stable yt- 
trium carrier and then precipitated under the 
same conditions prevailing in the scavenging 
procedure. The yttrium precipitate is converted 
to the oxalate, filtered and counted in a low- 
background anticoincidence counter. 
lodine-131 and cesium-137 are determined 
by gamma spectrometry. One-liter samples of 
milk are counted for 100 minutes with a low- 
background sodium iodide crystal scintillator 
and multichannel analyzer. Either a 3 x 3-inch 
crystal and 256-channel analyzer or a 4 x 4-inch 
crystal and 512-channel analyzer is used. The 
counts in the iodine—131 photopeak which occur 
because of background and scatter from other 
gamma-emitting nuclides in milk are subtracted 
from the total. The value to be subtracted is 
empirically determined, and is based on the 
slope of the spectrum in this area and the mag- 
nitude of the counts in the channels adjacent to 
the photopeak. The minimum detectable con- 
centration of iodine-131 in milk is 10 pe /liter. 
Results 
The monthly strontium—90, iodine-131, and 
cesium—137 concentrations in milk are given in 
table 6. These data as well as analytical proce- 
dures are presented in the semiannual report 
of the Minnesota Department of Health and 
Rural Cooperative Power Association (5). 
Recent coverage in Radiological Health Data: 
Period 
October-December 1961 
(iodine—131 data) 
May-December 1961 
(strontium—90 data) 


March-September 1962 
September 1962-June 1963 


Issue 


March 1962 
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A (gust 1962 


Ap) il 1963 
November 19623 
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5. New York Milk Network, 
October-December 1963 


Division of Environmental Health Services, 
State of New York Department of Health 


Milk samples, collected routinely from six 
cities—Albany, Buffalo, Massena, Newburgh, 
New York City, and Syracuse (figure 8) 
analyzed for their radionuclide content by the 
State of New York Department of Health. 
Pasteurized milk samples are collected daily 
and composited weekly for the determination of 
strontium-—89, strontium-—90, iodine-131, ce- 
sium-137 and barium—140-lanthanum-140 at 
all stations except Massena, where samples are 
composited bi-weekly and at New York City 
where one daily milk sample representing the 
total milk supply for that day is obtained and 
analyzed once a week. Samples are obtained 
from processing plants except at Albany, where 
the daily sample is obtained from a marketing 
point. During periods when cows are no longer 
on stored feed, the sample from Albany is 
analyzed daily for iodine-131. In the event that 
any city reports iodine—131 concentrations ex- 
ceeding 100 pc/liter, increased surveillance is 
undertaken. 

A matrix method (6) is used for the analysis 
of spectral data to determine the concentrations 
of gamma-emitting nuclides in milk. With this 
method, the individual nuclide contributions to 
the gamma spectrum are separated by solu- 
tion of simultaneous equations describing the 
spectral interferences. 
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FIGURE 8.—NEW YORK MILK SAMPLING 
LOCATIONS 


The analytical procedure for strontium—89 
and strontium—90 is based on ion exchange 
methods. Cations (including radiostrontium) 
are eluted from the ion exchange resin with 
sodium chloride solution; strontium isotopes 
are gathered by means of sodium carbonate, 
isolated by means of ethylenediaminetetraacetic 
acid (EDTA), and radiostrontium is counted 
with a low background beta counter having an 
0.8 mg, cm* window. The strontium—90 portion 
is differentially estimated by a second count 40 
hours later to determine the rate of growth of 
its daughter product yttrium—90. The monthly 
average radionuclide concentrations in milk are 


shown in table 7. 


TaBLe 7.—RADIONUCLIDES IN NEW YORK MILK, OCTOBER-DECEMBER 
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6. Oregon Milk Network, tectable concentration is defined to be that 
November 1963-February 1964 amount of activity which, in the same counting 


= peli td — : time, will exceed the background by 3c (count- 
Division of Sanitation & Engineering, . i 
ing error) of the background. 

Oregon State Board of Health ia : P 

lable 8 presents the Oregon milk surveillance 
data for the period November 1963 through 
February 1964. Figure 10 shows iodine-131, 
cesium—137, and strontium—90 concentrations 


The Oregon State Board of Health conducts 
milk monitoring at eight major milk-producing 
centers throughout the State of Oregon, as 
shown in figure 9. Half-gallon samples of pas- 


teurized packaged milk are collected Statewide Panee & RADIONUCLIDE CONCENTRATIONS IX 
on a monthly basis by the Oregon Department OREGON MILK, NOVEMBER 1963 


. : ; FEBRUARY 1964 
of Agriculture and weekly in the Portland area 


by the city of Portland. Milk sampling fre- 
quency is accelerated to a weekly schedule at Sampling location Nuclide Ne De Na Vel 
those locations having radionuclide concentra- 7 ry 

tions in milk in excess of 100 pe liter for iodine- Baker s 
131 or 500 pe liter for cesium—137 (suggestive . 
of elevated strontium—90 concentrations). The 515 255 Ww) 240 
samples are forwarded to the Oregon State ene — 1 ? ; Is 
Board of Health radiation laboratory for i | 
iodine—131, cesium—137, barium—140, and stron- ont 65 | 160 8 
tium—90 analyses. Gamma analyses are per- N r 
formed utilizing a 3” x 3” sodium iodide scintil- ) ae : S 
lation detector with a 512—channel gamma spec- we ' ata si * 
trometer system. Samples are normally counted pate ace acne 
for 100 minutes. The strontium—90 concentra- — ; - a - 
tions reported by the Oregon State Board of gar ese - ' - i. 4 
Health were analyzed using the trichloracetic 
acid analytical procedure (7) with the counting ~ ss as 
performed using a low background beta propor- ee ery ee i iad below 
tional counter. The minimum detectable con- eee De eee er wn 
centrations for iodine-131, cesium—137, and 


Ft 


barium—140 are 15 pe/liter. The minimum de- i \yonthh 
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FIGURE 9.—OREGON PASTEURIZED MILK NETWORK SAMPLING 
LOCATIONS SHOWING PRODUCTION AND DISTRIBUTION AREAS 
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for all sampling locations. The Portland com- 
posite sample represents contributions from 
nearly all milksheds in Oregon, plus some in 
Southern Washington. Thus, it tends to repre- 
sent a State average. 


Previous coverage in Radiological Health Data 


Period Issue 
Vay 1963 


Septe mber 1963 


November 1962-February 1963 
March-June 1963 


July-October 1963 February 1964 
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(* Sampling done on a weekly basis) 
FIGURE 10.—RADIONUCLIDE CONCENTRATIONS IN OREGON MILK SAMPLES 


7. Canadian Milk Network,’ February 1964 


Radiation Protection Division, 
Department of National Health and Welfare 


The Radiation Protection Division of the De- 
partment of National Health and Welfare be- 
gan monitoring milk for strontium—90 in 
November 1955. At first, analyses were car- 
ried out on samples of powdered milk obtained 
from processing plants. However, since Janu- 
ary 1963, liquid whole milk has been analyzed 
instead. With this change, more representative 


Data from Radiation Protection Programs, Vol. 2, 
No. 3:25-30, Radiation Protection Division, Canadian 
Department of National Health and Welfare, Ottawa, 
Canada (March 1964). 
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samples of milk consumed can be obtained, and 
in addition it is possible to choose milk sam- 
pling locations (see figure 11) in the same areas 
as the air and precipitation stations. At pres- 
ent, the analyses include determinations of 
iodine-131, strontium-89, 
strontium—90 as well as stable potassium and 


cesium-137 and 


calcium. 


The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies, combined into weekly 
composites, and forwarded to the radiochemical 
laboratory in Ottawa. The contribution of each 
dairy to the composite sample is directly pro- 


ore 


mie 


portional to its volume of sales. In most cases 


a complete sample represents over 80 percent 
of the milk processed and distributed in the 
area. Several of the weekly samples are ran- 
domly selected and analyzed for iodine-131. The 
results of the spot checks for iodine-131 will 
not be reported unless there is evidence that 
the levels are rising. A monthly composite of 
the samples is analyzed for strontium—90, stron- 
tium—89, cesium-—137, and stable potassium and 


calcium. 


A nalytical Me thods 


Radiochemical methods are used for the 


analysis of iodine-131 (8). Carrier iodine is 
added and the milk is then evaporated in the 
presence of sodium hydroxide and ashed. The 
iodide ion is oxidized to free iodine and ex- 
tracted with back-ex- 
tracted in sulfite solution, and precipitated as 
silver iodide. 


carbon tetrachloride, 
The precipitate is counted in a 
low background beta counter and the iodine 
131 determined by comparison with standard 
preparations. 


For the analysis of radiostrontium, carrier 
strontium is added to a one-liter sample of 
milk, and the milk is then placed in a tray lined 
with a polyethylene sheet, and evaporated 
under infra-red lamps. The residue is ashed in 
a muffle furnace at 450 C, dissolved in dilute 
nitric acid, and strontium separated by fuming 
nitric acid precipitation. The combined stron- 
tium—89 and strontium—90 are determined by 


counting in a low background beta counter. 





Strontium—90 is determined separately by ex- 
tracting and counting the yttrium-90 daughter 
nuclide while strontium—89 is estimated by dif- 
ference from the total radiostrontium measure- 
ment. Appropriate corrections are made for 
self-absorption and counter efficiency at all 
stages. Calcium is determined by flame pho- 
tometry. 

Cesium-137 is determined by gamma spec- 
troscopy using a scintillation crystal and a 
multi-channel pulse height analyzer. A sample 
consisting of 4.5 liters of milk is placed in a 
sample tray constructed in the form of an in- 
verted well to accommodate the 5 x 
sodium iodide crystal detector. 


4-inch 
The sample is 
counted for 100 minutes and the gamma spec- 
trum are made of the 
137 content of the 
comparison of the spectrum. with 
standard preparations. The stable potassium 


Estimates 
potassium—40 and cesium 
milk by 


recorded. 


content is estimated from the potassium—40 
concentration. 
Sources of Error 

In the iodine and strontium determinations, 
tests indicate that the statistical error (95 per- 
cent confidence level) in the chemical operations 
involved is about plus-or-minus 10 percent. This 
value is independent of the concentration of the 
radio isotope in the milk because it depends 
only on the recovery of the carrier. In the 
determination of cesium—137 this factor is not 
involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide 
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FIGURE 11—CANADIAN MILK SAMPLING STATIONS 
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in the sample, the background radiation, and 
the length of time the sample and background 
are counted. This counting error has been evalu- 
ated mathematically for the particular counting 
arrangement used. 

The overall errors, estimated on the basis 
indicated above, are given in table 9. 


TasBLe 9.—TOTAL ERROR FOR VARIOUS 
RADIONUCLIDE CONCENTRATIONS IN MILK 
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TasBLe 10.—CALCIUM, POTASSIUM AND 
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Results 

Table 10 presents monthly averages of stron- 
tium-89, strontium—90, cesium—137, and stable 
calcium and potassium in Canadian whole milk. 
Spot checks for iodine-131 indicate that all 


samples had <5 pe /liter. 
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MOVING ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS IN 
PASTEURIZED MILK, MARCH 1963—FEBRUARY 1964 


Division of Radiological Health, Public Health Service 


Radionuclide concentration values reported 
by the Pasteurized Milk Network (1) can be 
used to estimate the contribution of milk to a 
population’s radiation exposure. This is done 
by determining both the annual average con- 
centrations of specific radionuclides in milk and 
the average daily milk consumption of a repre- 
sentative individual in a suitable sample of the 
population. 

The data listed in table 1 are concerned with 
the first of these requirements, ?7.e., annual aver- 
age concentrations of strontium—89, strontium-— 
90, iodine-131 and cesium-137 in one liter of 
pasteurized milk. Limited data are available 
for estimating the average daily milk consump- 
tion (on a volume basis) for specific age groups 
in the U. S. population (2, 3). 

To arrive at a basis of comparison between 
the daily rates of intake of the radionuclides 
from the milk component of the diet and the 
Federal Radiation Council’s ranges of transient 
daily rates of intake (4), it is assumed that the 
average daily milk consumption of an individ- 
ual in a population group is one liter. The 
Guides, however, apply to total intake from all 
foods, and milk levels provide an index of gen- 
eral intake trends. The upper limits of Range 
[I correspond to the Radiation Protection Guide 
(RPG) for iodine-131 and one third of the 
Radiation Protection Guide for radioactive 
strontium. The Guides are, for administrative 
reasons, expressed as a yearly radiation dose, 
but are based on lifetime exposure (5). The 
FRC emphasizes that the annual acceptance 
risk or exposure dose is not a dividing line be- 
tween safety and danger in actual radiation 
situations (6). 

Annual averages of radionuclide concentra- 
tions in milk sampled by the PHS Pasteurized 
Milk Network are presented in table 1. The 
data in table 1 are calculated as follows: (a) 
results from all samples collected in each week 
(Sunday through Saturday) are averaged, (b) 


280 


the averages for all weeks terminating in each 
of twelve consecutive months are averaged to 
obtain the annual average.' To obtain the 
annual average daily intake (pc/day) of radio- 
nuclides from milk, the annual average concen- 
tration values (pc/liter) in table 1 must be 
multiplied by the annual average daily con- 
sumption (liters/day) of milk (3, 4). 


Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as weather conditions 
and dairying practices. The moving yearly 
average (table 1), obtained by updating the 
previous twelve-month average by one month, 
shows variations averaged over the year and 
tends to minimize purely seasonal variations. 
This method, therefore, shows trends over a 
considerable period of time. 
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|‘ Beginning with the October 1963 data, iodine—131 
values of <10 pc/liter are considered to be zero for 
averaging purposes; previously 5 pc/liter was used in 
calculating the average. 
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STRONTIUM-90 IN 1963 UNITED 
V. F. Pfeifer and A. J. Pe plinski 


Studies are being conducted by the United 
States Department of Agriculture’s Northern 
Regional Research Laboratory to develop proc- 
essing methods for reducing strontium—90 in 
vheat and milling products, should this become 
necessary. The first phase of these studies was 
the analysis of 1963 wheat samples from major 
U. S. wheat producing areas. This crop year 
was chosen because strontium—90 levels were 
expected to be the highest for several years, 
according to Federal Radiation Council predic- 
tions 1). 

Wheat samples of at least 100 pounds for 
each variety were procured from commercial 
producers in 6 States. Each lot of wheat was 
blended thoroughly, sampled, and cleaned in a 
dockage tester to remove chaff and dust before 
analysis. Analyses for strontium—90 were per- 
formed by a contractor using analytical proce- 
dures described by Harley (2). Analyses for 
protein, ash, and calcium were made at this 
laboratory using Cereal Laboratory Methods 
16-10, 08-01, and 40-20, respectively (2). 

The results in table 1 show that the lowest 
levels of strontium—90 contamination were in 
the Pacific Northwest soft white winter 
(SWW) wheats and in the Ohio soft red winter 
(SRW) wheats. Highest levels were found in 
the Kansas hard red winter (HRW) wheats. 
These results indicate levels reached in 1963; 
sampling was not sufficiently extensive to be 
considered representative. 

The three Pacific Northwest wheats, grown 
on the same type of soil in the Pullman, Wash- 
ington, area, varied in strontium—90 content 
from 76 to 119 pe kg (dry weight). The six 
India®fa SRW wheats, grown in the Huntingdon 
area on the same type of soil, had strontium—90 
levels ranging from 258 to 338 pe/kg. Wichita 
and Comanche varieties of HRW wheat, grown 
on the same type of soil in the Kinsley, Kansas, 
area, had practically identical strontium-—90 
levels. 

The 1965 strontium—90 levels in wheat are 
about three times as high as the 1962 levels (4), 

Mr. Pfeifer and Mr. Peplinski are chemical engi- 
neers at the Northern Utilization Research and Devel- 


opment Division, Agricultural Research Service, U.S. 
Department of Agriculture located at Peoria, Illinois. 
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STATES WHEAT 


confirming the predictions of 250 pe kg by the 
Federal Radiation Council (1) and 200-300 


ke by Rivera (5). 
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STRONTIUM-90 IN PLANT PARTS 
A 1963 ILLINOIS WHEAT 


V.F. Pfeifer, A.J. Peplinski, and J. E. Hubbard 


Plant parts and milling fractions of wheat 
are being analyzed for strontium—90 as a part 
of the studies by the U. S. Department of Agri- 
culture’s Northern Regional Research Labora- 
tory to develop processing methods for reduc- 
ing the radionuclide content of these products, 
should this become necessary. 

Following nuclear testing through 1962, 
levels of radioactive contamination of wheat 
were predicted to reach maximum values in 
1963 and then to decrease (1). Therefore, a 
field of wheat in central Illinois was chosen for 
collection of 1963 wheat plants and _ field- 
combined wheat to obtain data on strontium-—90 
in aboveground plant parts and in milling frac- 
tions from both hand-separated and _field- 
combined wheats from the same field. Stron- 
tium—90 in wheats and milling products for 
previous years has been reported by Rivera 
(2-4). 

Procedures 

Ponca hard red winter wheat plants, 1963 
crop, grown on a field in Hollis Township, 
Peoria County, Illinois, were cut near the 
ground, and about 100 pounds of the above- 
ground parts were hand-separated to provide 
sufficient quantities of leaves, stems, rachises, 
chaff, and wheat kernels for analyses and de- 
termination of weight distribution of the parts. 


Enough additional plants were hand-threshed 


and hand-separated to provide sufficient wheat 
for milling in a Buhler experimental flour mill. 
The hand-separated wheat kernels were cleaned 
in a Bates laboratory aspirator before milling. 
About 30 pounds of wheat combined in the 
same field were mechanically cleaned by several 
passages through a Federal dockage tester, and 
the cleaned wheat was milled in a Miag Multo- 
mat experimental flour mill. Strontium—90 
analyses of plant parts and milling fractions 


Mr. Pfeifer and Mr. Peplinski are chemical engi 
neers and Mr. Hubbard is Assistant to the Director at 
the Northern Utilization Research and Development 
Division, Agricultural Research Service, U. S. Depart 
ment of Agriculture located at Peoria, Illinois. 

Mention of firm names or trade products does not 
imply that they are endorsed or recommended by the 
Department of Agriculture over other firms or similar 
products not mentioned. 
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AND MILLING FRACTIONS FROM 


were done by a contract laboratory using analy- 
tical procedures described by Harley (5). 
Analyses for protein, ash, and calcium were 
made at the Northern Laboratory, using Cereal 
Laboratory Methods 46-10, 08-01, and 40-20, 


respect ively (6). 


Results and Discussion 

The weight distribution measurement and 
chemical analyses of the aboveground plant 
parts are given in table 1. Milling results and 
chemical analyses of the various fractions ob- 
tained after milling the hand-separated kernels 
are given in table 2. Milling results and chemi- 
cal analyses of fractions obtained after milling 
the field-combined wheat are given in table 3. 

The nitrogen content of all plant parts except 
leaves and kernels was low. Patent and first 
clear flours were lower in protein content than 
the wheat, whereas second clear flour, shorts, 
and bran were all higher in protein content 
than the original grain. After milling, the flour 
retained about one-fourth of the calcium but 
less than one-fifth of the ash. 

Although the wheat kernels amounted to al 
most one-half of the weight of the aboveground 


plants, they contained less than one-tenth of 


the total strontium—90 present in the plants. 
Highest concentrations were in the leaves and 
in the chaff, and these two fractions together 
contained about three-fourths of that present. 
In the plant parts, strontium—90 calcium ratios 
ranged from 212 pce strontium—90 gram cal- 
cium in the kernels to 1206 in the chaff. Stron 
tium—90 in the ash ranged from 3.8 pe gram in 
the kernels to about 22 in the leaves and 
rachises, but was only 11.3 in the chaff. 

W heat kernels separated by hand-picking, and 
cleaned by aspiration, contained somewhat less 
strontium—90 than did the field-combined, me- 
chanically cleaned wheat; all milling fractions 
from the hand-separated wheat contained less 
strontium-90 than corresponding fractions 
from the field-combined wheat. The importance 
of cleaning wheat properly before milling is 
thus demonstrated, since the Miag mill, with 
its longer and more extensive milling flow, 
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should have given a better separation of flour 
and feed fractions than the Buhler mill. 

In the milling fractions from the hand-picked 
wheat, varied 
from 94 pe strontium—90 gram calcium in the 
patent flour to 247 in the bran, with 212 in the 
Wheat. Strontium—90 in the ash varied from 
2.1 pe gram in the patent flour to 4.2 in the 


ran, With 5.8 in the wheat. 


strontium-—90 calcium = ratios 


In the milling fractions from the field-com- 
bined wheat, strontium—90/calcium ratios var- 
ied from 131 pe strontium-—90, gram calcium 
in the patent flour to 313 in the bran, with 223 
in the wheat. Strontium—90 in the ash varied 
from 4.0 pe gram in the patent flour to 6.6 in 
the shorts, with 4.4 in the wheat. 

Considering that each one-pound loaf of white 
bread contains nearly two thirds of a pound 
(about 280 grams) of white flour, the impor- 
tance of effective milling for reducing stron- 
tium—90 in the flour, and the need for diverting 
the more highly-contaminated bran and shorts 
fractions to feeds can be appreciated. The flour 
milled from wheat contains only about 1 per- 
cent of the total strontium—90 present in the 
plants. Wheat is thus a 
good raw material for producing fractions suit- 


aboveground wheat 


able for use in foods under conditions of high- 
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FRACTIONS FROM HAND-PICKED 


KERNELS 


density fallout, although 


modification might be required with prolonged 


accompanying diet 


and concentrated consumption. 
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STRONTIUM-90 AND CALCIUM IN TRI-CITY DIETS, 
AUGUST-OCTOBER 1963! 


J. Rivera 
Health and Safety Laboratory, AEC 


Since March 1960, the Health and Safety 
Laboratory, through its quarterly diet study, 
has made estimates of the strontium—90 con- 
tent of the average diet of individuals living in 
New York City, San Francisco, and Chicago. 

Selected foods representing 19 food cate- 
gories are purchased at each of these three 
cities about every 3 months and are analyzed 
for strontium—90. Using data from the U. 38. 
Department of Agriculture (7), the annual con- 
sumption by an average individual can be 
grouped into the same 19 food categories. The 
annual dietary intake of strontium—90 can be 
estimated by summing the contributions from 
each category. Some food types are assumed to 
be representative of larger food categories, such 
as liquid milk for dairy products in general. 
Details of the sampling system and assump- 
tions as to the amounts of specific foods con- 
sumed per year have been published (2). 

The consumption data from the “Household 
Food Survey of 1955” are based on a weight-as- 
purchased basis. Before the food samples for 
the Tri-City Diet Study are ashed for radio- 
chemical analysis, they are prepared to a cer- 
tain degree as if for actual consumption. For 
example, fruits are peeled, eggs are shelled. and 
poultry is boned. Therefore, concentrations of 
radioactivity in foods as reported in the Tri-City 
Diet Study are based on the trimmed weight. 
No correction is made for the waste. 

After two samplings at each city it was 
found that the calcium content of most food 
categories did not vary among cities, nor did it 
vary significantly with time. Calcium analyses 
were therefore discontinued and average ¢al- 
cium content of foods was computed and used 
to estimate the average annua! intake of this 


Summarized from Health and Safety Laboratory 
AEC, Fallout Program Quarte rly Summary Re port 
HASL 144: 281-7, Office of Technical Services Depart 


ment of Commerce, Washington, D. C. 20230, (April 1, 


1964), price $4.00. 

Mr. Rivera is a physicist on the staff of the Er 
vironmental Studies Division, Health and Safety Lab 
ratory, U. S. Atomic Energy Commission, 376 Hudso: 
Street, New York, N.Y. 10014. 
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mineral. The specific numbers used to calculate 
calcium intake are given in HASL-113 (3). 

To increase the validity of this estimate an 
additional set of diet samples from each city 
have recently been analyzed for calcium. The 
results of these analyses together with those 
previously obtained are presented in table 1. 
The estimated average yearly intake of calcium 
calculated using all of the data remains at 383 
g year. No essential! differences in the calcium 
content of foods purchased at each city were 
noted. There was also no evidence of changes 
in calcium concentrations of foods with time. 
In view of these findings, routine calcium 
analyses of tri-city foods will no longer be done 

Results obtained from the program’s four- 
teenth sampling (August-October 1963) are 
presented in table 2. The variation with time 
of the daily intake of strontium—90 in the thre 
cities is plotted in figure 1. 


Diseussion 

The daily intakes of strontium—90 at New 
York City and Chicago are seen to be more 
nearly the same during the last half of 1963 
than they were for the first half of the year 
The daily intake of strontium-90 in New York 
City seems to have leveled off at about 35 pe 
lay and it is likely that the intake at Chicago 
also leveled off during late 1963 at a value 
slightly less than that of New York. The daily 
intake of strontium—90 at San Francisco ap 
peared to have passed its peal for 1963, but 
results of the December sampling will have to 
be evaluated before this is established with 


certainty. 


If for a given dietary regimen the ratio of 
S1 Ca (strontium units) in the total diet to 
Sr’ Ca in milk is constant, then estimates of 
total diet Sr Ca could be made us ng only data 


on the Sr’ Ca of milk. 

The total diet-milk Si ( ratios obtained 
using data from the Tri-City Diet Studies are 
in figure 2. From this graph the ratio 
Is seen to have varied from 1.0 to 2.0, with no 


apparent trend with time or difference among 








cities noted. 


were taken for the total diet-milk ratio, then 


estimates of total diet Sr Ca made from milk 


Ss! Ca would not nave been in errol by more 
tnan 50 

The relative constancy of the diet-milk ratio 
mplhes that the Sr” Ca of the non-milk com- 


ponent of tne diet has been roughly propor- 


a of milk. The Sr’ Ca 
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since 1960. If a mean value of 1.5 


ratios of the non-milk components and the milk 
components of the diet in New York 


_ 
nicavo, 


and San Francisco are plotted in figures 3 
and 4, respectively. The ratio of these values 
(Sr” Ca ot non-milk component sr’”’/Ca of 


milk component) is shown in figure 5. For each 
ity it appears that on the average the Sr” Ca 


of the non-milk component of the diet has been 


about twice that of milk. 
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Another inference that can be drawn is that 
he relatively low Sr*’/Ca of the non-milk com- 
vonents of the diet in San Francisco are prob- 
ibly due to the consumption of locally-produced 


‘oods. Thus, despite the wide distribution of 














FicguRE 1.—DAILY INTAKE OF STRONTIUM-90 IN 
TRI-CITY TOTAL DIETS 








“0 ™ 
| 
36 
r > 
| — oe 
¢ of 
; | 
; } 
> 24 
| , 
3 - 
< 20 — 
9 : 
: Q 
~ 9 
8 6 i 
12 Q é / 
| e 4 
} “ o7 
| 4 
t 6 i 
| o Q ee 
‘ , “s 
_ og 
| 1 J 





FiGURE 3.—STRONTIUM UNITS IN NON-MILK 
COMPONENTS OF TRI-CITY DIETS 
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foods in the United States, foods produced in 
the relatively low fallout regions of California 
were probably the principle sources of the non- 
milk foods consumed in San Francisco. 








FIGURE 2.—RATIO OF STRONTIUM UNITS IN 
TOTAL DIET TO STRONTIUM UNITS IN MILK 





FIGURE 4 
COMPONENTS OF TRI-CITY DIETS 


STRONTIUM UNITS IN THE MILK 











FiguRE 5.—RATIO OF STRONTIUM UNITS IN 
NON-MILK COMPONENTS OF TOTAL DIET 
TO STRONTIUM UNITS IN MILK 
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CESIUM-137 IN TRI-CITY DIETS,! AUGUST-OCTOBER 1963 


J. Riveraand J. J. Kelly 


Since March 1960, the Health and Safety 
Laboratory, through its quarterly diet study, 
has made estimates of the strontium—90 content 
of the average diets of individuals living in 
New York City, San Francisco, and Chicago 
(see preceding article, p. 2-42). Occasionally, 
some samples from this study are analyzed for 
other radionuclides. The samples for October- 
December 1968 were analyzed for the fission 
product cesium-137. 

Because Cs'" is thought to be less hazardous 
than Sr“, comparatively little effort has been 
made in this country to measure its concentra- 
tion in the diet as a whole, or in components of 
ihe diet. Anderson et al. (1) showed that Cs' 
levels in fallout, milk, and people could be re- 
lated, but a number of assumptions as to the 


Data from Health and Safety Laboratory, AEC, 
Fallout Program Quarterly Summary Report, HASL 
144: 288-90, Office of Technical Services, Department 
of Commerce, Washington, D. C. 20430 (April 1, 1964), 
price $4.00. 

Mr. Rivera is a physicist and Mr. Kelly is a chemist 
on the staff of the Environmental Studies Division, 
Health and Safety Laboratory, U.S. Atomic Energy 
Commission, 376 Hudson Street, New York, N.Y. 10014. 
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magnitude of the contamination of non-milk 
fractions of the diet, and the time lag between 
production and consumption of these foods had 
to be made before good agreement between 
observation and theory could be obtained. 

In an attempt to verify these assumptions 
and to obtain more data on which to base pre- 
dictions of future body levels of Cs'*' in humans, 
a limited number of samples from the Tri-City 
Diet Study are being analyzed for Cs'**. The 
results of the first set of these analyses are 
presented in table 1. 


Analytical Method 

The radiochemical analysis of the food com- 
posites was accomplished using the method of 
Collins, Sutton, and Solazzi, developed in this 
laboratory (2). 

Cesium-137 and added cesium carrier are 
equilibrated by fusion with sodium carbonate 
or, with soluble samples, by digestion of the 
sample in nitric acid. Bulk constituents, includ- 
ing iron, the alkaline earths and the rare earths, 
are removed by leaching the alkali metals from 
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the fusion melt with water or by scavenging 
the hydrochloric acid solution with Ca,(PO,) 


or CaCO,. Calcium, rubidium and potassium 


are extracted from solution with solid ammo- 
nium phosphomolybdate (APM) and cesium is 
purified by absorption and selective elution 
from a cation exchange resin. 

Chemical yield is determined by weighing the 
final cesium fraction as the tetraphenylborate. 
The Cs'*'—Ba'*’ beta activity is measured using 
a thin window Geiger-Mueller counter or a 
plastic beta scintillation counter. The instru- 
ment response is corrected for counter back- 
ground and efficiency, self absorption, and 
vield. 

To establish the precision of the method 
when routine samples were being processed, 
three sets of blind duplicates were included 
with the other samples. The results indicated 
that the reproducibility of analyses was better 
than + 10 percent. Three Ca,(PO,). samples 
were also analyzed. In each case, Cs'** was un- 
detectable, indicating that there was no Cs 
contamination and that therefore no reagent 
blank corrections were necessary. 

An estimate of the accuracy of the method 
can be made by comparison of results among 
laboratories using different methods. Such a 
comparison made by analyzing a wheat and 
powdered milk sample obtained from the Inter- 
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national Atomic Energy Agency showed that 
HASL results were within one standard devia 
tion of the mean values reported by six other 
laboratories. 

The results obtained from the analyses of 


nine monthly milk samples fron number of 


different cities were found to average about 25 
percent lower than those reported by the Public 
Health Service. This intercomparison is not 
conclusive, however, since the Public Health 
Service results were obtained from pooled san 
ples while in most cases the HASL data are 
from single samples. It is possible that a small 
(<10% ) fraction of the Cs'* in milk and per 
haps in other foods was lost via volatilization 
during sample preparation. Experiments com 
paring results obtained on samples prepared by 
wet and dry ashing are currently in progress to 
establish quantitatively what effect this has on 
Cs'' recovery. 
Discussion 

Although conclusions from preliminary data 
are speculative, it appears that the elevated 
levels of cereal products observed in San Fran- 
cisco sampling indicate that products from a 
different wheat crop than that being used in 
New York City or Chicago had reached the 
San Francisco market in December 

Since the 1963 wheat crop probably had a 


higher Cs contamination than any previous 


IKK 


crop, it is likely that cereal products will con- 
tribute significantly to the daily intake of Cs 
and may become as important as milk and meat 


as dietary sources oft Cs 
If dietary levels of Cs'* persist at about 200 


pe day, this would result in a body burden of 


roughly 20 ne. This body burden would result 
in a dose rate of only , that due to natural 
potassium in the body. 
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RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, DECEMBER 1963 


Division of Water Supply and Pollution Control, Public Health Servic 








Levels of radioactivity in surface waters of basins for physical, chemical, biological and 
the United States have been under surveillance radiological analyses. These data can be used 
by the Public Health Service Water Pollution for evaluating sources of radioactivity which 
Surveillance System (formerly National Water may affect specific domestic, commercial, and 
Quality Network) since its initiation in 1957. recreational uses of surface water. Further, 
Beginning with the establishment of 50 sam- the System provides background information 
pling points, this System has expanded to 128 necessary for recognizing pollution and water 
stations as of May 1, 1964. These are operated quality trends and for determining levels of 
jointly with other Federal, State, and _ local radioactivity to which the population may be 
agencies, and industry. Samples are taken subjected. Data assembled through the Systen 
from surface waters of all major U. 5S. river are published in an annual compilation (1-7) 
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Figure 1—TOTAL BETA ACTIVITY (pc/liter) IN SURFACE WATERS, 
DECEMBER 1963 
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Sampling Procedures 

The participating agencies collect one-liter 
“orab’’ samples each week and ship them to the 
Surveillance System Laboratory in Cincinnati 
for analysis. Determinations of gross alpha 
and gross beta radioactivity in the suspended 
and dissolved solids and of strontium—90 activ- 
ity in the total solids are carried out on 
frequency schedules based on need. 

Presently, gross alpha and beta determina- 
tions are made on monthly composites of the 
weekly samples received from all stations, ex- 
cept those located downstream from known po- 
tential sources of radioactive waste and those 
from all newly established System stations. 
Weekly alpha and beta measurements are 
scheduled routinely during the first year of 
operation at newly established stations. 

Normally, samples are counted within two 
weeks following collection or within one week 
after compositing. The decay of activity is fol- 
lowed on each sample when the first analysis 
shows unusually high activity. Also, if a recount 
indicates that the original analysis was ques- 
tionable, values based on recounting are re- 
corded. All results are reported for the time 
of counting and are not extrapolated to the 
time of collection. 

Analytical Methods 

The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (8). Suspended and dissolved solids 
are separated by passing the sample through 
a membrane filter (type HA) with a pore size 
of 0.45 microns. Planchets are then prepared 
for counting the dissolved solids (in the fil- 
trate) and the suspended solids (on the charred 
membrane filter) in an internal proportional 
counter. Reference sources of U.O,., which give 
a known count rate if the instrument is in 
proper calibration, are used for daily checking 
of the counters. 

Since the fourth quarter of 1958, strontium— 
90 analyses have been made on three-month 
composites of aliquots from weekly samples. 
Beginning in November 1962, two quarterly 
samples per year have been analyzed for stron- 
tium—90 at each sampling point except those 
stations immediately below nuclear installa- 
tions. At these stations four determinations 


999 
yas YA 


per year are performed. The method used for 
determining strontium—90 is a modification of a 
procedure described by Harley (9). The yt- 
trium—90, together with an yttrium carrier, is 
precipitated at pH 8.5; the precipitate is 
washed, redissolved, and reprecipitated as yt- 
trium oxalate and the latter is washed and 
counted in a low-background anticoincidence, 
end-window proportional counter. 


Results 

Table 1 presents December 1963 results of 
alpha and beta analyses of U.S. surface waters. 
The stations on a river are arranged in the 
table according to their relative location on the 
river, the first station listed being closest to the 
headwaters. These data are preliminary. Rep- 
licate analyses of some samples as well as some 
analyses incomplete at the time of this report 
will be included in the System’s Annual Com- 
pilation of Data (7). 
alpha and gross beta radioactivity represent 
either determinations on composite samples or 
means of weekly determinations where com- 
posites were not made. The monthly means 
are reported to the nearest pe/liter. When all 
samples have zero pc/liter, the mean is re- 
ported as zero and when the calculated mean is 
between zero and 0.5 the mean is reported as 

1 pe liter. The most recent quarterly stron- 
tium—90 results appeared in the January 1964 
issue of RHD (10). 

In order to obtain a geographical perspective 
of the radioactivity in surface water, the num- 
bers alongside the various stations in figure 1 
give tne December 1963 average total beta ac- 
tivity in suspended-plus-dissolved solids in raw 
water collected at that station. Results for the 
years 1957-1962 have been summarized by 
Weaver et al (11). 


The figures for gross 


Discussion 

The monthly dissolved beta activity averages 
exceeded 200 pc/liter only on the Columbia 
River. Of the six stations on the Columbia 
River, the four downstream from the Hanford 
Atomic Products Operations facility had aver- 
ages of between 148 and 866 pc liter. It can 
be observed that the concentration diminishes 
with distance downstream from the facility. 

The dissolved alpha activity, which is asso- 
ciated with the dissolving of natural surface 
minerals by water, ranged in monthly averages 
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to 51 pe liter. Of all stations, four on different 
alpha 


rivers had monthly average dissolved 
activity between 10 and 51 pce liter. 
While 


standards for surface water, the radioactivity 


there are no generally applicable 


associated with dissolved solids provides a 
rough indication of the levels which could occur 
in treated water, since nearly all suspended 
matter is removed by the treatment process 
(72). The Public Health Drinking 


Water Standards state that in the absence of 


Service 


strontium—90 and alpha emitters,’ a water sup- 
ply is acceptable when the gross beta concen- 
tration does not exceed 1000 pe liter (172). 
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RADIOACTIVITY 
JULY-DECEMBER 1963 
Division of Environmental Sanitation, 
Minnesota Department of Health 


various Minnesota waters 
for radioactivity concentration was _ initiated 
in 1956 as part of the Minnesota Water Pollu- 
tion Control Program. This program was ex- 
panded in 1958 to include most of the municipal 
surface water supplies in the State as well as 
selected lakes throughout the State. 


The analysis of 


As many as 25 surface streams and lakes in- 
volving 74 stations have been sampled, but 7 
surface streams and lakes involving 9 stations 
sampled routinely (see figure 1). 
“Grab” samples of raw and treated water are 
collected weekly at each station. No raw water 
is collected from the Minneapolis supply. 


are now 


Data and information from “Survey of Environ- 
mental Radioactivity, October-December 1963, State of 
Minnesota Department of Public Health, University 
Campus, Minneapolis 14, Minnesota 55440. 
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The samples are forwarded to the Division’s 
Laboratory where they are analyzed for gross 


beta activity. A 500-ml sample of water is 
evaporated at 75 C froma planchet. The solid 
residue (suspended plus dissolved solids) is 
fixed by adding lucite in acetone. Afterwards, 
this sample is counted with an internal propor- 
tional counter. Counter standardization is ac- 
complished by adding known amounts of thal- 
lium—204 standard to solutions containing the 
normal range of solids. 

Table 1 shows the monthly average gross 
beta activity in Minnesota surface water from 
July-December 1963. The minimum detectable 
level is a convenient low value not normally 
exceeded by one standard deviation; this is 15 
pe liter at present. In averaging, the value 7 
pe liter is used for samples having less than 
the minimum detectable value. 


TABLE 1 POTAL BETA CONCENTRATION 


FROM SURFACE SUPPLIES 
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The data obtained on gross beta activity in 
Minnesota surface waters shov variation of 
concentrations, with no readily apparent 
trends. Variation in precipitation and_ flow 
rates of streams could contribute to this varia- 
tion. Monthly averages of gross beta radio- 
activity in Minnesota raw 
ranged from 15 to 118 pe liter. Treated 
water in most cases contained less beta activ ity 


than the corresponding raw water 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U. S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such 
a nature that plant 
required. 

Summaries of the environmental radioac- 
tivity data for 22 AEC contractor installations 
appeared periodically in RHD 
1960. Following are reports for 
Knolls Atomic Power Laboratory (KAPL) and 
the SIC Prototype Reactor Facility, summariz- 
ing the results for the 18-month period July 
1962-December 1963. 


Releases of radioactive materials from these 


perimeter surveys are 


have since 


November 


plants for the periods covered in the reports 
below may be compared with standards set 
forth in the Federal Register, Title 10, Part 20. 
The appropriate concentration standards are 
given in table 1. 


TaBie 1.—CONCENTRATION STANDARDS 
PERTAINING TO ENVIRONMENTAL 
MONTTPORING AT KAPL AND Si 
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1. Knolls Atomic Power Laboratory, 
July 1962-December 1963 


(,ene ral Ble ctric Con pany, 


Sehe he ctady, Ne HM 5 orl 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), 
General Electric Company for the Atomic En- 


operated by the 


ergy Commission, is to support the Naval Re- 
actors Program of the Commission in the 
development of atomic power reactors for naval 
construction 


propulsion. This includes design, 


and prototype operation of nuclear power 
reactors. 

The Knolls Atomic Power Laboratory con- 
the West 


figure 1. The 


sists of two sites, the Knolls site and 
Milton site, located as shown in 
Knolls site occupies approximately 170 acres 
upon which are located administrative build- 
ings; chemistry, physics, metallurgical, engi- 
neering and radioactive materials laboratories; 
critical assembly buildings; machine shops; de- 


contamination facilities; radioactive waste 
storage and processing facilities; and nuclear 
The West 
Milton site occupies approximately 4,000 acres. 


Triton (S3G) 


fuel storage and assembly buildings. 


Its principal facilities include the 
(D1G) 
equipment service building, fuel service build- 


and Bainbridge prototype reactors, 


ing and waste treatment facility 


Al) Monito? ing 


Environmental airborne’ radioactivity is 
measured at three locations on the Knolls site, 


+ 


four locations on the West Milton site and a 
the General Electric Company Research Labo- 
ratory, approximately one mile west of the 
Knolls site. Airborne radioactivity is sampled 


continuously and analyzed on a weekly basis. 
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st 


airborne radioactivity analy- 


results of the 


Measurements of air- 
18 hours 
after collection allow ing the naturally occurring 


Ss given in table 2. 


are 


borne radioactivity are made at least 


short-lived materials to decay. 


Pai : AIRBORNE BETA ACTIVITY, KAPL 


\ 


Liquid Waste 

The dilution potential of the Mohawk River 
is utilized to a limited degree in the disposal of 
liquid radioactive wastes from the Knolls site. 
All potential sources of liquid radioactive waste 
at the Knolls connected by control 
drains in the radioactive 
The release of liquid 


Monito ing 


site are 


to collection tanks 


waste processing building. 


98 


MONITORING LO¢ 


‘ATIONS, KAPL 


waste to the Mohawk River is regulated accord- 
the concentration of fission products in 
of 


ing to 


the collection tanks and the flow the river. 


. A continuous proportional sample of the Knolls 


at the 
Radio- 


effluent is taken 
point of discharge to the Mohawk River. 
chemical analyses of weekly composite samples 
show that strontium—90 is the principle compo- 
nent to be The amounts 
and the radioistopic content of the combined 
effluent discharged from the Knolls site 


have been summarized in table 3. A total of 


Site combined sewer 


considered in control. 


sewel 


RADIONUCLIDE 
KNOLLS SITE WASTE 


CONCENTRATIONS IN 
EFFLUENT, KAPL 


TABLI 


rHE 


Averag 


18.000 
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17 .000 
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10.000 67 ,.000 
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54.8 curies of beta activity was discharged to 
the Mohawk River during the 18-month period 
of this report. 
Mohawk River \ is sampled continuously 
at the General Electric Company powerhouse 
eight miles upstream from the Knolls site, and 
the Vischer Ferry powerhouse approximately 
two miles downstream. Samples taken from the 
Cohoes pumping station approximately thirteen 
miles downstream show very nearly the same 
average concentrations obtained for the Vischer 


Ferry samples shown in table 4. 


GROSS BETA ACTIVITY IN STREAMS 
RECEIVING EFFLUENTS, KAPL 


4 


Since the Glowegee Creek does not have a 


reliable dilution potential, the radioactivity 
levels in the liquid waste from the West Milton 
site are operationally controlled and diluted 
A total of 0.017 


curies was discharged at two points into Glowe- 


prior to release to the creek. 


gee Creek during the 18-month period at 
monthly average concentrations ranging from 


6 to 440 pe liter. 


Samples of the Glowegee Creek water are 
taken once a week at two locations, 150 feet 
above the point where the S3G effluent enters 
the stream, and the other 2,640 feet below the 
1500 feet D1G 


S83G discharge or below the 


discharge. 
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Issue 


Period 

1959 and first quarter 1960 December 1960 
Second quarter 1960 
Third and fourth quarters 1960 September 
First and second quarters 1961 March 1962 
July 1961-June 1962 July 1963 


January 1961 


June 1964 





2. S1C Prototype Reactor Facility 
July 1962-December 1963 


Combustion Engineering. Tne 
Windso) ( onnecticut 
The Sif based nucleal 


} ny 
submarine power plant facil 


du ‘ ‘ i 
Prototype is a land 


operated for 
the Atomic Energy Commission by the Naval 
Reactors Division of Combustion Engineering. 


at Windsor, Connecticut. The 


Des 
| rototype con 





tains a pressurized water reactor power plant 


which is used for research, development and 
training. 

Essentially all of the radioactive wastes 
originate from activation of minute amounts 


of impurities and corrosion products in the 


circulating water used as a reactor coolan 
Ventilation air from the submarine hull and 
the supporting facility is continuously moni- 
tored at the exhaust stack. 
monitored before discharge to the Farmingto1 


River. 


Tables 5 and 6 mive tne erave bDeé 
concentrations of airborne and liquid wastes 
before release to the environment 

| } {>} ~ 
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DISCHARGED INTO THI r\y : 
RIVER. SI 
Figure 2 shows the locations of six wate} 


sampling Stations along the Farmington Rive 
and of 17 fallout monitoring stations. A more 
detailed description of SI 
Facility and its control measurs s available 


1961 Issue 


in tne 
Health 


septs mber 


Data. 


Comparisons of the data for up 
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REPORTED NUCLEAR DETONATION 


Two low-yield underground nuclear tests con- 
ducted during May 1964 at the Nevada Test 
Site were announced by the Atomic 
Commission. 


Energy 
(Low yield range is defined as 


300 


Previous coverage in Radiological Health Data: 


Period 
January-March 1960 
April-June 1960 
July-December 1960 
January-July 1961 
July 1961-June 1962 


Issue 

Nove mber 1960 
January 1961 
September 1961 
March 1962 
July 1963 


S, MAY 1964 

equivalent to less than 20 kilotons of TNT.) 
Tests conducted on May 14 and May 15 were 
assigned arbitrary Radiological Health Data 
reference numbers 156 and 157, respectively. 
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UNITS AND 


EQUIVALENTS 





Symbol 





Unit | Equivalent 
i 
| . . 
-| billion electron volt 
n |} count per minute 
ipr disintegration per minute 
| gram 
kilogram 1 kg = 1000 gm = 2.2 pounds 


Mec 








| . | @ 
nanocurie per square meter_| 1 ne/m? = 


square kilometer 
kilovolt peak 

cubic meter - 
milliampere 

milliam pere-second 
million electron volts 
square mile 

milliliter 

millimeter 

millirad 

millirem 
milliroentgen per hour 


millimicrocurie - - -. - - - 


nanocurie. _ ___. 


picocurie 
|} roentgen 


micromicrocurie 


_ 


m= 1000 liters 


~~ # 1 mpc = 1 ne 
-| 1 ne = 1000 pe = 1 mpc 
=10-* curies 
1 mpe/m? 1,000 
puc/m? = 1 mec/km?*? = 2.59 
me/mi? 
1 pe = 1 ppc 10-'* curies 
| 1 Myc 2.22 dpm 


INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 








Multiples 
and Prefixes Symbols Pronunciatior 
submultiples 

10": tera T ter’ a 
10° giga G ji’ ga 
10° mega M meg’ a 
108 kilo \ kil’ o 
10? hecto h hek’ to 
10 deka da dek' a 
10-! deci d des’ i 
10-2 centi r sen ti 
10-4 milli ! mil’ i 
10-* micro yu ni’ kre 
10-" nano nan’ o 
10-'? pico 1 pe co 
10-5 femto f fem’ to 
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